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Abstract 
 
TFA-MOD (Metal Organic Deposition using Trifluoro-acetates) process is of considerable practical concern for future applications 
since it can fabricate high performance coated conductors (CCs) with low cost. In this study, we developed the process for 
fabricating thick films in BZO nanoparticle doped Y0.77Gd0.23Ba1.5Cu3Oy (YGdBCO) CCs in order to realize high Ic values under 
magnetic field. The effect of RTR (Reel To Reel)-dip-coating conditions on microstructure, Jc(-B- ) properties, etc. was 
investigated in order to fabricate crack-free thick and high performance films. A BZO doped YGdBCO film with uniform 3.0 m 
thickness showed the high in-field Ic and Jc  values of 55.6 A/cm-w and 0.18 MA/cm2@77.8K, 3T, respectively. 
 
© 2013 The Authors. Published by Elsevier B.V. Selection and/or peer-review under responsibility of ISS Program Committee. 
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1. Introduction 
  
TFA-MOD (Metal Organic Deposition using Trifluoro-acetates) process is promising for future applications since 
it can fabricate high performance films with low cost [1,2]. The SWCC group reported that a 500m long YBCO coated 
conductors (CCs) with high Ic value of 310A/cm-w (@77K, s.f.) was fabricated by the TFA-MOD process. In order to 
practically use these CCs for some applications such as SMES, rotating machine etc., it is important to improve the Ic 
values under magnetic field. It has been reported that the BZO nanoparticle doping and the interim annealing were 
effective to improve in-field Jc performance. The film thickness is another important factor to improve in-field Ic, 
however, cracks form when the film thickness becomes over the critical thickness. The film thickness is usually non-
uniform in transverse direction of the tape in the case of dip-coated films. The edge regions are thicker and lead to 
formation of cracks. Therefore, suppression of the thickness distribution is an effective approach to make thick films. 
In this study, the effect of RTR (Reel To Reel)-dip-coating conditions of the tube size on microstructure, Jc(-B- ) 
properties, etc. were investigated in order to fabricate crack-free thick and high performance films. These cracks had 
occurred from the region of the thickness projection at the edge of the films. Generally, on a dip-coating, the shape and 
size of the tube diameter affect film thickness distribution [3]. We investigated the relation between tube diameter of 
an application and film thickness distribution near the edge. Based on the acknowledge, we developed a new coating 
process in order to fabricate the film that has uniform film thickness distribution. 
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2. Experimental
The BZO doped YGdBCO films used in this study were fabricated on CeO2 buffered LaMnO3/ion-beam-assisted 
deposition (IBAD)-MgO/Gd2Zr2O7/Hastelloy C276TM substrates by the TFA-MOD process. The YGdBCO solutions
for coating were prepared by mixing desired amount (0.77:0.23:1.50:3.00) of Y, Gd, Ba trifluoro-acetate and, Cu-2-
ethylhexanate to be a total metal ion concentration of 0.9mol/l. Zr-2-ethylhexanate salts were then added to the
solution for YGdBCO at the fraction of 15mM. The final solution was deposited on the substrates by the RTR-dip-
coating method and calcined, shown in Fig.1. For the dip-coating, the different tube diameters were prepared to clarify 
the influence of the diameter on the thickness distribution in the transverse direction. The calcined precursor films
were interim annealed and fired, followed by cooling to room temperature in a tube furnace. The final overall film 
thickness of the samples was measured by the ICP-OES. The thickness of the superconductor films were 2.8 m and 
3.0 m, respectively. The film thickness distribution was investigated from the observation of the sample polished
cross section, and the crack formation was investigated from the observation of the sample plane view by the optical
microscope. The Ic values of the samples under a self-field and a magnetic field was measured by the standard four-
probe technique.
3. Results and discussion
Figs. 2. (a) and (b) show the optical microscope plane view image and the film thickness distribution of the film 
with 2.8 m at a total thickness fabricated by the conventional method, respectively. The measured film thickness was
normalized against the center thickness average (film thickness_ave) of the film. Many cracks were observed near the
edge of the film as shown in Fig. 2. (a) and current could not flow the film. These cracks were considered to originate
at the projection region of the film thickness near the edge as shown Fig. 2. (b).
Figs. 3. (a), (b) and (c) show the film thickness distribution prepared by the dip-coating method using the large
tube diameter ( 13.0), the middle one ( 12.0) and the small one ( 11.0), respectively. The film thickness near the
edge applied by the large tube was projecting at the edge. On the other hand, those prepared by the middle and the
small tubes decreased and the projection are improved.
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Fig.2. (a) The optical microscope plane view image; (b) The film thickness distribution of the film with 2.8 m at a
total thickness
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Fig.1. Dip-coating and calcining system
Calcination Dip-coating
tube
 T. Nakamura et al. /  Physics Procedia  45 ( 2013 )  153 – 156 155
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figs. 4. (a) and (b) show the dip-coating models applied by using the large and the small tubes. In the case of the 
large tube diameter, the thickness distribution is uniform just after coating and then the coated solution near the edge 
rapidly dries and that on the center falls down. On the other hand, in the case of the small one, the solution dry near the 
edge coated might be suppressed by the capillary effect.  As a result, the solution left on the edge is still smaller than 
that in the center after solution drops. In the case of the middle tube diameter, it is in the transition condition of these 
shape change in the thickness distribution. It suggests that the manner using this condition has the difficulty to 
fabricate uniform thickness distribution in the fluctuation of the tape position. The stable complement of film 
thickness could be expected since the large and small conditions are stable. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. (a) shows the film thickness distribution of the film that was applied by the new dip-coating method using 
the large and small diameter tubes by turn. The measured film thickness was normalized against the center thickness 
of the film. We successfully improved the uniformity of film thickness in the transverse direction and fabricated crack-
free BZO doped YGdBCO thick film with 3.0 m thickness. The Ic values increased with increasing film thickness 
without Jc remarkable degradation as shown in Fig. 5. (b). The 3.0 m thick film showed the high Ic and Jc values of 
55.6 A/cm-w and 0.18 MA/cm2, respectively (@77.8K, 3T). 
 
4. Conclusion 
 
We developed the new coating process for fabricating thick films in BZO nanoparticle doped YGdBCO CCs in 
order to realize high Ic values under magnetic field. The effect of RTR-dip-coating conditions on microstructure, Jc(-B-
) properties, etc. were investigated in order to fabricate crack-free thick and high performance films. By the 
conventional coating method, the cracks had generated from the edge in the thick films. It was found that the film 
Figs. 3. (a), (b) and (c) show the film thickness distribution prepared by the dip-coating method using the large 
tube diameter ( 13.0), the middle one ( 12.0) and the small one ( 11.0), respectively. 
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Figs. 4. (a) and (b) show the dip-coating models applied by using the large and the small tubes. 
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thickness near the edge decreases with decreasing tube diameter and the projection was improved. Based on the 
acknowledgment of the results, a new coating process was developed by combining different tube diameters. As a 
result, we successfully fabricated crack-free BZO doped YGdBCO thick films with 3.0 m thickness. The film showed 
the high in-field Ic and Jc values of 55.6 A/cm-w and 0.18 MA/cm2, respectively (@77.8K, 3T). 
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Fig. 5. (a) shows the film thickness distribution of the film that was applied by the new dip-coating method using 
the large and small diameter tubes by turn. Fig. 5. (b). The in-field Ic  of the 1.5 m, 2.4 m and 3.0 m thick films, 
respectively. 
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